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Introduction:
Composite optical thin films are unique among the family of optical thin films in that optical properties not realizable within the scope of conventional materials can be obtained. The composite thin filhs c an be either optically homogeneous or inhomogeneous and the constituent materials are generally any one of the following: dielectric-dielectric,"2 dielectric-meta13-5 and semiconductor-metal.6
The theoretical and experimental studies carried out on the inhomogeneous dielectric-dielectric combination have shown that graded index dielectric films can be produced by combining suitable optical materials and the films can be used to develop rugate filters and wideband antireflection coatings.7'8
Similarly, graded index insulator-metal (Cermet structures) coatings are excellent solar absorbers5J9-". Further studies are being carried out to explore more interesting applications of these categories of films.'2"3 However, there are few studies which either illustrate or demonstrate the application of semiconductor-metal composite thin films. In view of this, systematic studies have been carried out on the preparation and characterization of semiconductor-metal composite thin films. The initial investigation focussed on optically homogeneous composite films of Ge:Ag. It has been shown that the films can be prepared by dc magnetron co-sputtering and they exhibit a wide range of optical properties, from medium reflection/low absorption to high reflection/absorpta~on which can be controlled by the metallic content in the composite film6.
\
In this paper we have extended the investigation to inhomogeneous thin films with particular reference to the optical properties of graded index films.
After discussing the theoretical model calculations on graded index composite films, we present the experimental results, highlighting the optical properties of the films, the application thermal stability of the optical properties, and the of the films to specific opto-electronic systems.
Theoretical Analysis:
A semiconductor-metal thin film, such as Ge:Ag can be structured by grading the metallic concentration with respect to the thickness of The results indicate that the gradation of the optical function is steeper than the gradation of the metallic concentration. This occurs because the optic"al constants of Ge:Ag composite films vary nonlinearly with respect to the metallic concentration.6
In the present theoretical calculations, the graded structure is considered to be deposited on an opaque silver coating whose optical constants are obtained from a Drude equation,'4
(1)
where tiP is the plasma frequency, ti7 is the inverse relaxation time,
and o is the frequency of the infrared radiation. o The present study of semiconductor-metal composite films and their applications is being extended to other composite systems such as Si:Au, the results of which will be presented elsewhere17. Such composite films offer scope for blending materials having diversified physical properties (optical, electrical, and magnetic) and to produce thin film devices which can have unique optical and thermal applications.
Conclusions:
Semiconductor:metal composite thin films offer an extensive scope for tailoring the optical properties in the infrared/visible optical spectrum for specific applications. Reflectance spectra of graded Ge:Ag composite films coated on a Ag mirror and a ZnSe substrate.
Spectral reflectance of the graded Ge:Ag composite films on ZnSe in the VIS-NIR regions.
Reflectance of Ge:Ag graded composite films at higher temperatures, 8a) 0.5 Urn and 8b) 1.0 #m,.
